seeds and peels discarded from food industry showed moderated and antioxidant activity contributed by recovered phenolics 1 . However, biological activity evaluation of peels and seeds, separately, might reveal a different result and directly serve ecological application of the agricultural waste.
The soft edible pulp contains tiny seed up to 25 of the pulp fresh weight. Although the seed is edible, it is accounted as agricultural byproducts during juice extraction that further treated as waste 12 . The seed is rich in linoleic acid 65 , which is a potential waste need a sustainable management for health promoting application 6 . The seed fibre was prepared and characterized. It was highlighted as an important source of low calorie fibre potential for food industry as a dietary supplement 12 . However, recovery of active compound in the seed has never been presented and antioxidant activity of the seed remains unrevealed. Therefore, seed of Passion fruit discarded from the juice production is extracted. Antioxidant activity was comparatively assessed by means of 2,2 -azino-bis 3-ethylbenzothaiazoline -6-sulfonic acid ABTS , 1, 1-diphenyl-2-picrylhydrazyl DPPH and ferric reducing ability of plasma FRAP assays. Tyrosinase inhibitory effect was additionally evaluated in an attempt to widen the application for prevention of plant browning and darkening of human skin. Total phenolics content was determined and characterized for quality control and standardization aspect. Toxicity in mammalian cells was performed to guide safety of application.
EXPERIMENTAL

Sample preparation
Seeds of purple P. edulis cultivated in Chiang Rai, the northern province of Thailand, were received from the fruit juice production closed to Mae Fah Luang University, Chiang Rai. The seeds were washed and dried in a hot air oven at 50 and ground into powder. The extraction was performed by a modified method from de Oliveira et al. 1 .
The powder 835.4 g was refluxed in 40 methanolic water for 30 min. The whole was filtered and concentrated under vacuo. The crude extract was liquid -liquid extracted by n-hexane and EtOAc, respectively, giving n-hexane, EtOAc and aqueous Aq. fractions, accordingly.
2.2 Assessment of antioxidant activity 2.2.1 1, 1-diphenyl-2-picrylhydrazyl DPPH radical scavenging activity Antioxidant efficiency base on a single electron transferring was monitored in DPPH assay. Samples were prepared in absolute EtOH with a serial dilution range of 1.0-10.0 μg/ mL as well as a standard ascorbic acid 1.0-8.0 μg/mL that was used to prepare a calibration curve r 0.999 . A portion of the sample solution was mixed with an equal volume of DPPH concentrated 6 10 5 M in absolute
EtOH. The samples were allowed to react with DPPH at room temperature for 30 min in a light protection vessel. The reduction of DPPH by the antioxidant was monitored at 517 nm by using of a microplate reader ASYS, UVM340, UK . The concentration of the extracts causing 50 inhibition IC 50 of DPPH radical was compared with the standard. All determinations were done in triplicates 9 .
2.2.2 2,2 -azino-bis 3-ethylbenzothaiazoline -6-sulfonic acid ABTS radical scavenging activity The stock solution containing ABTS 7 mM and potassium persulfate 2.450 mM was kept under ambient temperature for 16 h in a light protection vessel. Before use, the solution was diluted in EtOH to obtain an absorbance of 0.700 0.200 at 750 nm with the microplate reader. In the assay, 20 μL of samples were mixed with the ABTS solution 180 μL , individually. The absorbance at 750 nm was determined after 5 min of mixing. The ability to scavenge ABTS was calculated. IC 50 of a reference compound, ascorbic acid, was used for comparison to IC 50 of the extracts. The measurements were done in triplicates 9 .
Ferric reducing ability of plasma FRAP
The reducing power of the fractions was examined using a modified FRAP method 13 . FRAP reagent was prepared in a 2,4,6-tri 2-pyridyl -S-triazine TPTZ solution 10 mM, 2.5 mL purchased from Fluka USA in a solution containing 40 mM HCl, FeCl 3 20 mM, 2.5 mL and acetate buffer, pH 3.6 0.3 M, 25 mL , that were supplied by Fluka USA . The test samples 10 μg/mL, 20 μL in EtOH were reacted with the FRAP reagent 180 μL . The absorbencies were recorded at 595 nm using the microplate reader. FeSO 4 Fluka, USA , at known concentrations 50-500 μM , was used for the calibration curve. The reducing power was expressed as an equivalent concentration EC to that of 1 mM FeSO 4 and ascorbic acid was used as the positive control. The reducing power was determined in triplicate.
Tyrosinase inhibitory effect
The tyrosinase inhibitory activity of the extracts was determined by the spectrophotometric method using a modified dopachrome method with L-Dopa as the substrate. Briefly, 40 μL of sample 1 mg/mL was added to 80 μL of 20 mM phosphate buffer pH 6.8 and 40 μL of mushroom tyrosinase 240 unit/mL in one well of a 96-well microplate. The solution in each well was mixed and pre-incubated at 25 for 10 min; 40 μL of 0.85 mM L-DOPA was then added, followed by a continued incubation at 25 for 20 min. There was a corresponding blank for each sample, and this blank contained all components except for the mushroom tyrosinase. The absorbance was measured at 490 nm, using kojic acid 250 μg/mL as a positive control. Each assay was performed in triplicates 9 .
Determination of total phenolic content
Samples were mixed with Folin-Ciocalteu reagent 4 μL, each in a 96-well plate, separately. Consequently, Na 2 CO 3 7.5 , 80 μL was added into. The mixture was made up to 200 μL by water and incubation for 1 h under the ambient temperature. Absorbencies at 750 nm were determined by the microplate reader. Total phenolic content in each extract was compared with the standard gallic acid and expressed as gram gallic acid equivalents per 100 g fraction g GAE/100 g fraction . The procedure was repeated in triplicates 9 .
2.5 Sun protection ef cacy 2.5.1 UV absorption The extracts were monitored using a UV spectrophotometer Libra S22, Biochrom, UK in the range of 250-400 nm 14 and these results were compared with the results from UV absorbers in sunscreen cosmetics, benzophenone BP-3 and octyl methoxycinnamate OMC , supplied by Noveon USA in addition to ferulic acid Fluka, USA that is a new UV absorber in cosmetics 15 .
Sun Protection
Factor SPF measurement SPF was monitored by SPF Analyzer and delineated by the provided protocol Optometric LLC, SPF 290S, USA . Each sample 0.136 mL included fractions, BP-3, OMC and ferulic acid in propylene glycol 1 , w/v was spread on a transpore plate, separately, and left to dry for 15 min. The measurement was conducted and propylene glycol was used as a reference. All of the measurement was done for three times.
Characterization of phenolics
Phenolics in the Passion fruit seed extracts were characterized using HPLC Waters 2695, Agilent, USA with a photodiode array detector Waters 2996, Agilent, USA 9 .
Samples were successively separated on a reversed phase column Alltech, Prevail C 18 5 μm, 250 4.6 mm equipped with a guard column Alltech, Prevail all-guard cartridge C 18 5 μm, 7. min 50 B at a flow rate of 1 mL/min. The HPLC components were controlled by Waters Empower II software Agilent, USA . All solvents and standards were of HPLC grade. Gallic acid, kojic acid, caffeic acid, ferulic acid, rosmarinic acid and quercetin Fluka, USA concentrated at 1-500 μg/mL in AcCN Labscan, Ireland , was used as standards. The calibration curves had linear correlation coefficients of more than 0.999 r 0.999 . Characterization of phenolics in the extracts 1,000 μg/mL delineated by absorption wavelengths and retention times was done in three cycles.
Cytotoxicity in vero cells
Safety of the extracts was evaluated by means of cytotoxicity against vero cells. The toxicity was conducted with the using of green florescent protein detection method compared to elliptine 16 . The assay was performed at the National Center for Genetic Engineering and Biotechnology of Thailand.
Statistical analysis
Data were presented as the means SD and a one-way ANOVA test was used to evaluate the difference between groups using the program SPSS version 16.0. The level of significance was at p 0.05.
RESULTS AND DISCUSSION
A purple rind P. edulis having sweet and characteristic flavor is cultivated and accounted as one of the economic fruit of Thailand. It has been promoted in the north of the country including Chiang Rai where the 2 nd Royal food processing factory had been launched. The fruit processing activities have performing in either ready to drink and concentrated juice giving the residue includes seeds. Preparation of the antioxidant recovered from Passion fruit seed is challenge to minimize an environmental impact and impoverish low-cost supplements appraisal for health promotion including cosmetics 1, 7 .
The seed was refluxed 1, 17 and defatted with n-hexane and excluded from biological activity assessments because it did not exhibit antioxidant activity as previously reported 1 . The aqueous layer was further portioned with EtOAc in an order to select the active principle 9, 10 . The highest yield was found in the Aq. extract followed by n-hexane and EtOAc fractions, respectively Table 1 . Free radicals scavenging activities in plant extracts is widely evaluated by ABTS, DPPH and FRAP assays due to their similar mechanism on a single electron transferring efficiency 18 . These assays were therefore conducted in parallel to conform the activity. Antioxidant activities of the EtOAc extract was significantly better p 0.05 than the Aq. one as evaluated by all assays. However, antioxidant potency was less than ascorbic acid, which was used as a positive control Table 1 . Phenolic compounds react with DPPH by a transferring of hydrogen atom in O-H of the phenolics directly which sometimes called hydrogen atom transfer mechanism. Single electron transfer mechanism alternatively involves by firstly deprotonates forming phenolic anion. Consequently, electron transfers to DPPH. However, exact mechanism of each antioxidant compound should be clarified to design a precise target of antioxidant action which found more application in pharmaceutics that beyond the scope of this present research. Although ABTS is relied on the similar antioxidant mechanism to DPPH, potent ABTS scavenger should donate one anion radical or two neutral radical or two electrons to compensate the cation radical of ABTS 9 . Phenolics function as secondary or preventive antioxidants that effectively chelate with ionic metals prone to oxidation in the biological system. Hydroxyl groups in meta-position of the phenolic ring are important in chelation of metal ions 19 .
Tyrosinase inhibitory effect was further evaluated 20 . Tyrosine is the starting material for the production of melanin pigment, the brown-black eumelanin and the yellow-red pheomelanin. Pigmentation of the skin hair and eyes are therefore visible in similar to plant browning. Therefore, tyrosinase inhibitor can terminate melanin biosynthesis and applicable in cosmetic and food industries as well 21, 22 .
Several antioxidant hydroxycinnamic acids posse antityrosinase activity 23 . Passion fruit seed extracts were therefore evaluated on the enzyme inhibitory effect accordingly. The EtOAc extract that more potent antioxidant exhibited better tyrosinase inhibitory effect Table 1 than the Aq. fraction. However, the activity was less than kojic acid 77.7 0.5 at 250 μg/mL , the positive control. Thus, this natural skin lightening agent is more feasible for those of benign pigmented skin.
Antioxidant phenolics also exhibit sun protection efficacy 23 in particular ferulic, caffeic and rosmarinic acid and quercetin, which are highlighted as new photoprotective agents for topical application products including cosmetics 15, 24, 25 . To widen the Passion fruit seed application, sun protection efficacy was further monitored. UVA and UVB protection efficacy of the fractions were monitored in the range of 250-400 nm. Passion fruit seed EtOAc fraction 10 μg/mL , which was the most potent exhibited the sun protection capacity comparable to BP3 and ferulic acid 10 μg/ mL . Sun protection factor SPF was further determined accordingly. Although SPF of the Passion fruit seed EtOAc fraction was less than OMC and BP3, it was comparable with ferulic acid Table 1 . Thus, the EtOAc fraction would be useful for its ability to protect against photooxidative damaged 15 .
Determination of total phenolic content and characterization of phenolics is associated in antioxidant activity of natural derived compounds 19 . Quantification of the active principle is necessary for quality control and standardization of botanical ingredient including the Passion fruit seed for cosmetic application 26 . Total phenolic content was in accordance with antioxidant activity. The EtOAc fraction significantly contained higher the active principle than the Aq. one Table 1 . Characterization of the active phenolics was further conducted by HPLC 18, 19 . Although several phytochemical constituents should be composed in Passion fruit seed. Those with find more application in cosmetics were focused. Kojic acid, gallic acid, chlorogenic acid, caffeic acid, ferulic acid, rosmarinic acid and quercetin that are the dialogues hydroxycinnamic acid were subjectively analyzed respecting to their cosmetic importance 15, 23 28 .
All of the analyzed phenolics were detected in the EtOAc fraction except kojic acid that was predominately found in the Aq. fraction Table 2 . Greater content of kojic and gallic acids in Aq. part would contribute in antityrosinase Passion fruit seed extract. However, undetermined components in the seed Fig. 1 are worthy to be phytochemically studied that beyond the scope of this presenting research. Although Passion fruit seed is edible and generally recognized as safe GRAS , safety should be ensured prior to their applications. Cytotoxicity was evaluated in vero cells which is the recommended chemical toxicity testing in vitro 16, 26 . The potent antioxidant recovered from Passion fruit seed EtOAc extract was non toxic in the cells at the highest test concentration 50 μg/mL , which less than the antioxidative dose IC 50 approximately 18 and 5 folds against DPPH and ABTS radicals.
CONCLUSION
Therefore, the seed residue of Passion fruit juice processing is underlined as a source of functional compounds. The recovered antioxidant fraction additionally functions as sunscreen and skin lightening agent. In addition, this ecological antioxidant is considered as safe and effective for health beneficial utilizations. This multifunctional ingredient is therefore appraisal in cosmetic development especially anti-ageing and anti-wrinkle products based on its potent antioxidant activity included UV protection efficacy synergist in photoaging protection. The sun protection capability of the extracts was supported by their containing quercetin and rosmarinic acid, which had been reported as the potential ingredient against phtooxidative damage 24, 25 .
In addition, skin lightening cosmetics containing Passion fruit seed extract is applicable for benign dark spot treatment. This presenting research is therefore meeting the cosmetics consumers requirement on ecological or green cosmetics.
Fig. 1 HPLC chromatogram of standard phenolics (A)
and Passion fruit seed EtOAc and Aq. fractions (B): (1) kojic acid, (2) gallic acid, (3) chlorogenic acid, (4) caffeic acid, (5) ferulic acid, (6) rosmarinic acid, (7) quercetin.
